Introduction
Ions of terrestrial origin are systematically expelled from the polar regions over a wide energy range from suprathermal energies in the polar wind up to several keV over the auroral regions (see a review by Yau and André, 1997) . The magnetospheric dynamics of these ionospheric ions strongly depend on their initial parallel energy. For ions with very low energy, the convection drift is dominant. They do not bounce, but locally E×B drift even up to distant regions of the magnetosphere (e.g. Sauvaud and Delcourt, 1987; Delcourt et al., 1989 Delcourt et al., , 1993 . When projected along the field lines the ion trajectories simply follow the ionospheric convection cells. For a two cell convection pattern, slightly suprathermal ions escaping from the high latitude regions are E×B drifting to the dayside. It must be stressed that in the distant magnetosphere, the plasma E×B drift is much larger than the equivalent ionospheric convection. In a first approximation, the electric field, E, varies approximately as B 1/2 , which means that during periods of strongly enhanced convection, i.e. 0.3-0.5 km/s, at ionospheric altitudes, O + ions will have a drift energy of the order of 15 eV-50 eV in the distant magnetosphere. This is well within the energy range of the Cluster CIS instruments and above the satellite potential of about 10 volts in the magnetosphere.
The plasmasphere constitutes another potential reservoir of terrestrial plasma. Recent works by Su et al. [2000 Su et al. [ , 2001 have demonstrated that geomagnetic activity increases bring unusually high densities of plasmaspheric material to the dayside magnetopause, as parts of the outer plasmaphere are swept away by increased convection (e.g. Chen et al., 1975) .
Furthermore, using an imaging device at 304 Å, a wavelength emitted by helium ions at the sun and resonantly scattered by plasmaspheric helium ions, the IMAGE mission has recently performed the first remote observations of such plumes in connection with activity increases (Burch et al., 2001) .
After the discovery of ionospheric ion escape into the magnetosphere (Shelley et al., 1976) , the consensus view is that the ionosphere is an important, if not dominant source of magnetospheric plasma (e.g. Chappell et al., 1987) . However only a part of the terrestrial ions distribution has been properly investigated within the magnetosphere. Mass spectrometer flown in the outer magnetosphere have so far only been able to measure a limited portion of the total solid angle. These limitations have recently been overcome in the frame of the Fast, Polar, Equator-S and Cluster projects; the ion mass and energy distribution functions being measured over ~ 4π (see Moore et al., 1995; Shelley et al., 1995; Rème et al. 1997 Rème et al. , 2001 Möbius et al., 1998 . Another limitation was the uncontrolled positive satellite potential. For the Polar and Cluster projects; the satellite electric potential was reduced using respectively a plasma source (Moore et al., 1995) and an ion emitter (Riedler et al., 1997) . However, the spacecraft potential still reaches several volts in the outer dayside magnetosphere (outside the dense cusp) which precludes the direct measurement here, using particle detectors, of very cold and non-flowing terrestrial plasma.
The first observation indicating that cold plasma may become "visible" in the immediate vicinity of the magnetopause, supposedly by an enhanced convection electric field, was presented by Lundin and Dubinin [1985] . However, the energy, angular and time resolution of their data was insufficient to resolve the properties of this acceleration/convection region. Fuselier [1989] reported evidences for two distinct O + populations in the dayside subsolar LLBL, -i) O + convected into the boundary layer from the plasma sheet with E > 6 keV, and -ii) new field aligned O + beams (E > 100 eV) injected directly from the high latitude ionosphere. Recently, Chandler et al. [1999] reported from the Polar TIDE experiment the detection of a cold plasma population (T < 2 eV) flowing along the field lines with a parallel velocity of the order of 50 km/s in the outer magnetosphere.
These authors propose that cold ionospheric ions, with initially slow field-aligned speeds, were accelerated upon reflection from the magnetopause.
In this paper we present first detailed measurements of a dense (~ 1 cm -3 ) population of low energy ionospheric ions, H + , He + , O + , detected during very quiet time periods in a layer adjacent to the magnetopause. We show that intermittent motions of the magnetopause are associated with the appearance of these terrestrial ions drifting perpendicularly to the magnetic field with velocities corresponding to energies in the ~10 eV to 1000 eV range, depending on species. Here the ion behavior is interpreted as resulting from local electric field enhancements linked to magnetopause motions that are caused by pressure changes. These motions give intermittently enough energy to a local, hidden, dense thermal ion population, slowly convected there along the magnetic field, to overcome the satellite potential and be detected by the suprathermal CIS experiment onboard Cluster.
Data sources
The particle data used in this paper come from the Cluster Ion Spectrometer (CIS) experiment which comprises (Rème et al., 1997 ; this issue), -i) a Hot Ion Analyser, CIS-2, measuring the ion distributions from 5 eV to 26 keV by combining a classical symmetrical quadrispherical analyser with a fast particle imaging system based on microchannel plate electron multipliers and position encoding discrete anodes (Carlson et al., 1982) ; -ii) a time of flight mass spectrometer, CIS-1, which combines a top-hat analyser with an instantaneous 360° x 8° field of view with a time of flight section to measure complete 3D distribution functions of the major ion species. We will also present data pertaining to the 16 th of February 2001 which is also a day corresponding to a weak magnetic activity. AE was lower than 50 nT during the measurements and the IMF Bx component was nearly constant and of the order of 3 nT while the IMF Bz and By components were close to zero. For that event the Cluster position (X GSE = 5.4 R E , Y GSE = 4.9 R E , Z GSE = 9.0 R E ) was quite similar to that for January 31, 2001 (see However, we do not exclude the possibility that oscillations of the magnetopause can be due to sporadic or time-dependant reconnection. The small satellite separation (< 600 km) coupled to the CIS time resolution (4 seconds) and the high velocity of the magnetopause (> 100 km/s) does not allow one to study the details of the magnetopause motion. The two top panels of As a general trend, just before each exit of the satellite into the magnetosheath, low energy ions form a ramp observable at energies in the 5 eV to ~100 eV range. When the satellites re-enter the magnetosphere, they again encounter low energy ions showing a clear energy dispersion for about a minute; the energy is decreasing with time. As we will show below, this energy dispersion is apparently due to a change in bulk velocity. These structures are clearly located on closed field lines. This can be appreciated from the values of the components of the magnetic field. Inside these structures, the ion density reaches about 1 cm -3 which contrasts with the density inside the plasma sheet which does not exceed here 0.2-0.3 cm -3 (e.g. at 05:50:15 UT). Finally, beginning at around 05:58:15 UT a last structure shows a bridged shape, the ion energy slowly increases and then decreases. During these observations, the satellites did not encounter the magnetopause. However, the dispersed structure is probably associated with the magnetopause motion.
To unambiguously determine the origin of these low energy ions, we examined in There is a slight difference in energy between the He + peak detected by CIS-1 and CIS-2. This is attributed to the fact that the measurements are not exactly simultaneous, that the energy of the structure is decreasing very rapidly (Figure 3) and that the ion measurements obtained with CIS-2 are averaged over 12 seconds while those obtained with CIS-1 are averaged over 32 seconds. This leads to an artificial broadening in energy (temperature). However, despite these limitations, Figure 4 clearly shows that the ion population seen after the re-entry of the satellite into the magnetosphere is of ionospheric origin and that ions with different masses are all moving with the same velocity. This has been verified to be the case for all low energy structures presented in Figure 3 .
The characteristics of the motion of these ions have been determined using their 3D distribution functions. This ion low temperature coupled to the plasma large bulk flow allows to easily distinguish different ions with non-mass resolving spectrometer. An example is given in Figure 7 which pertains to the bridged structure detected around 06:00 UT in Figure 3 . The hydrogen, single ionized helium and oxygen components are here clearly apparent. The proton temperature is estimated, using a maxwellian fit to be ~ 3 eV. The plasma velocity is 140 km/s and using the E+V×B= 0 relation, leads to a value of 2.7 mV/m for the local electric The cold ions show a repetitive pattern of energy changes. While the magnetopause is approaching the satellite, their energy increases from the detector low energy threshold up to about 100 eV for protons. After the passage of the satellites into the magnetosheath and just following their re-entry into the magnetosphere, the ion energy decreases from about 100 eV for protons down to the lowest detectable energy. This behavior is interpreted as due to the effect of the electric field associated with the magnetopause motions. The ion motion is set up when the magnetopause boundary is pushed inward and relaxed when the boundary is going out. This interpretation is substantiated by the change of the proton distribution functions, which suggest the conservation of the first adiabatic invariant in the frame moving with E×B.
In the opposite case, the ions would be accelerated without the possibility to return to thermal energy when the magnetopause is going far away. It must be stressed that this behavior has been revealed for protons. For the other species, the data acquisition rate was too low to definitively reach a conclusion about adiabaticity. Furthermore, that the energization of the ions is linked to the magnetopause motion can be deduced from their velocity distribution. As CIS data and the plasma density directly deduced from the plasma frequency measured by the WHISPER experiment is presented in Figure 9 [see Decreau et al., 1997; this issue] . The answer is clear: CIS is detecting ionospheric plasma only when the magnetopause motion reveals it. This can be appreciated from the good agreement in density values found between the two experiments inside the magnetosheath and inside the attached moving layers of ionospheric plasma. However between encounters with the magnetosheath, the plasma density directly computed from the plasma frequency stays at a level of about 1 cm -3 while the density deduced from CIS falls below 0.2 cm -3 . In other words, the temperature of the plasma is too weak to allow it to overcome the satellite potential. From the distribution function of the ions close to the magnetopause we found that the transition between plasma from the magnetosheath and plasma from the ionosphere can be very fast, corresponding to one satellite spin period, i.e. about 600 km for a magnetopause moving with a velocity of 150 km/s ionospheric plasma inside the dayside and nightside magnetosphere, of spatial scales, velocity gradients and of the general implications of this plasma population originating from the ionosphere will be presented in forthcoming papers. 
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